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Differences in the Quality of Pediatric Resuscitative Care
Across a Spectrum of Emergency Departments
Marc Auerbach, MD, MSci; Travis Whitfill, MPH; Marcie Gawel, MSN; David Kessler, MD, MSc; BarbaraWalsh, MD;
Sandeep Gangadharan, MD; Melinda Fiedor Hamilton, MD, MSc, FAHA; Brian Schultz, MD; Akira Nishisaki, MD;
Khoon-Yen Tay, MD; Megan Lavoie, MD; Jessica Katznelson, MD; Robert Dudas, MD; Janette Baird, PhD;
Vinay Nadkarni, MD; Linda Brown, MD, MSCE
IMPORTANCE The quality of pediatric resuscitative care delivered across the spectrum of
emergency departments (EDs) in the United States is poorly described. In a recent study,
more than 4000 EDs completed the Pediatric Readiness Survey (PRS); however, the
correlation of PRS scores with the quality of simulated or real patient care has not been
described.
OBJECTIVE Tomeasure and compare the quality of resuscitative care delivered to simulated
pediatric patients across a spectrum of EDs and to examine the correlation of PRS scores with
quality measures.
DESIGN, SETTING, AND PARTICIPANTS This prospectivemulticenter cohort study evaluated 58
interprofessional teams in their native pediatric or general ED resuscitation bays caring for a
series of 3 simulated critically ill patients (sepsis, seizure, and cardiac arrest).
MAIN OUTCOMES ANDMEASURES A composite quality score (CQS) wasmeasured as the sum
of 4 domains: (1) adherence to sepsis guidelines, (2) adherence to cardiac arrest guidelines,
(3) performance on seizure resuscitation, and (4) teamwork. Pediatric Readiness Survey
scores and health care professional demographics were collected as independent data.
Correlations were explored between CQS and individual domain scores with PRS.
RESULTS Overall, 58 teams from 30 hospitals participated (8 pediatric EDs [PEDs], 22 general
EDs [GEDs]). Themean CQSwas 71 (95% CI, 68-75); PEDs had a higher mean CQS (82; 95%
CI, 79-85) vs GEDs (66; 95% CI, 63-69) and outperformed GEDs in all domains. However,
when using generalized estimating equations to estimate CQS controlling for clustering of the
data, PED status did not explain a higher CQS (β = 4.28; 95% CI, −4.58 to 13.13) while the log
of pediatric patient volume did explain a higher CQS (β = 9.57; 95% CI, 2.64-16.49). The
correlation of CQS to PRS wasmoderate (r = 0.51; P < .001). The correlation was weak for
cardiac arrest (r = 0.24; P = .07), weak for sepsis (ρ = 0.45; P < .001) and seizure (ρ = 0.43;
P = .001), and strong for teamwork (ρ = 0.71; P < .001).
CONCLUSIONS AND RELEVANCE This multicenter study noted significant differences in the
quality of simulated pediatric resuscitative care across a spectrum of EDs. The CQSwas
higher in PEDs compared with GEDs. However, when controlling for pediatric patient volume
and other variables in a multivariable model, PED status does not explain a higher CQS while
pediatric patient volume does. The correlation of the PRS wasmoderate for simulation-based
measures of quality.
JAMA Pediatr. 2016;170(10):987-994. doi:10.1001/jamapediatrics.2016.1550
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I n2006 the InstituteofMedicinedescribedemergencycarefor children in theUnited States as “uneven.”1 Three yearslater key stakeholders formed a national coalition to im-
prove pediatric readiness and published a set of guidelines to
address the gaps described by the Institute ofMedicine.2-6 In
2013, this group administered the National Pediatric Readi-
ness Project, aweb-based surveymeasuring compliancewith
these guidelines.7,8 This assessment was completed by 4149
hospitals, representing 24 million of the 25.5 million annual
US pediatric emergency department (ED) visits.9,10
There are limited measures describing the quality of
pediatric resuscitative care in theED.11 Qualitymeasures have
beenpublished for selectedhighacuitypediatric conditions.12
The unpredictability and low frequency of pediatric resusci-
tation in any individual ED, as well as the logistical and ethi-
cal challenges of data collection, have limited researchon this
topic. A simulation-based study noted that the quality of car-
diopulmonary resuscitation is poor.13,14 A comprehensive re-
view comparing practice patterns between pediatric EDs
(PEDs) and general EDs (GEDs) yielded only 20 publications,
and none reported data on resuscitation.15
The recent publication on the Pediatric Readiness Survey
(PRS) provided vital information on ED pediatric readiness in
the United States.10 However, there are no studies examining
the correlation of PRS scoreswith patient outcomes or quality
of care. Examining the correlation of PRS scores with patient
outcomes would be ideal. However, owing to the low fre-
quency of resuscitation events in each ED and the paucity of
prospective research in this area, we decided to leverage
simulation to measure quality. Simulation provides realism
and standardization of patients through preprogramming
of trends in vital signs over time, physiologic responses to in-
terventions and scripting of parent actors to answer diverse
researchquestions thatcannototherwisebe feasiblyassessed—
particularly in high stakes, low frequency events such as
pediatric resuscitations.16,17 In situ simulation involves bring-
ing the simulator into the clinical environment tomeasure the
quality of care delivered by intact care teams using real-world
equipment.17 The use of video-based data abstraction after
simulations allows for robust reviewandmeasurement. There
is a growing body of evidence supporting the validity of using
simulation to measure the quality of care.18-22
Our primary aim was to measure and compare differ-
ences in the quality of simulated pediatric resuscitative care
providedby interprofessional teamsacross a spectrumofEDs.
A secondary aim was to assess the correlation of quality and
PRS scores. We hypothesized that quality scores would be
higher in PEDs compared with GEDs and that PRS would
correlate with quality.
Methods
Design
This prospective, multicenter, in situ, simulation-based co-
hort study measured the performance of interprofessional
teams caring for a series of 3 simulatedpediatric patients. Ses-
sions were announced and involved a parent actor present-
ingwith the simulator to the resuscitation bays in 8 PEDs and
22 GEDs. Institutional review board approval was obtained
fromYale University and each collaborating site. Participants
provided signed consent to be videotaped.
Study Setting and Population
Investigators from 8 academic medical centers within
INSPIRE23,24 recruited2teamsofhealthcareprofessionals from
their institutions’ PED and 2 additional teams from at least 1
GED in their respective geographic region. We purposefully
sampled EDs of different sizes, location, and staffingmodels.
Pediatric EDs were defined as EDs in children’s hospitals,
staffedbyboard-certifiedpediatric emergencymedicinephy-
sicians and affiliated with an academic medical center. Gen-
eral EDswere defined as EDs staffed by board-certified emer-
gencymedicinephysicians (notpediatricemergencymedicine)
and not located in a children’s hospital. Two interprofes-
sional teams were recruited from each ED. Teams were com-
posed of 1 to 2 physicians (pediatric emergency medicine or
emergency-medicine board certified), 3 to 5 nurses, and 2 to
3 nursing assistants or emergency medical technicians. The
teamsizevaried tomirror the typical teamsizeof eachED.Stu-
dents and residents were not recruited to avoid confounding
byvariations in training level.Participantswereprotected from
clinical responsibilities during the simulations. Recruitment
wasperformedbyadesignated liaisonat each site via anemail
sent to all staff 1 month prior to the simulation and a sign-up
document distributed on a weekly basis until the maximum
number of participants had volunteered.
Study Protocol
Teams were enrolled over a 30-month period (April 18, 2013,
through October 13, 2015). Sessions took place in the ED re-
suscitation room using each department’s actual equipment
(eg, infusionpumps), supplies (eg, syringes), resources (eg, cog-
nitive aids), and policies and/or guidelines (eg, sepsis proto-
col). To avoid contamination of simulated drugs into clinical
practice, a standardizeddrawerwas createdwith labeledblue
medications that matched standard concentrations and
appearance (PocketNurse).25
Each team participated in a 2.5-hour simulation session
that involved4 scenarios in the following order: (1) infant for-
eignbody, (2) infant sepsis, (3) infant seizure, and (4) child car-
diac arrest. The foreign body session was a warm-up case for
Key Points
Question Are there differences in the quality of pediatric
resuscitative care across a spectrum of emergency departments
(EDs)?
Findings This study evaluated 58 interprofessional teams in their
native resuscitation bay caring for a series of 3 simulated critically
ill patients (sepsis, seizure, and cardiac arrest). There was amean
comprehensive quality score of 82% in 8 pediatric EDs compared
with a score of 66% in 22 general EDs; when controlling for
pediatric volume this difference lost statistical significance.
Meaning Differences in the quality of pediatric resuscitation
measured by simulation exist across a spectrum of EDs.
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each team to familiarize simulation environment and spe-
cific function of the simulator, and these data were not in-
cluded in the analyses. Each session began with a standard-
ized orientation to introduce the research team, describe the
format for the day, and communicate the rules and expecta-
tions related to their performance. Participants were ori-
ented to the functionality of the simulators (SimBaby,
MegaCodeKid [Laerdal]), includingdemonstrating themecha-
nismsbywhich thesimulator couldbeplacedonamonitor and
how to administermedications and fluids. The teamwas also
introduced to the “parent,” playedbyaprofessional actor. The
parent-actor was provided a script with statements to make
at designated times and standardized responses to ques-
tions. Laboratory data were provided on request on pre-
printed laminated cards, including standard point-of-care
testing (eg, venousbloodgas,dextrose, electrolytes). Theprin-
cipal investigator provided this scripted introduction andver-
bally reported scripted prompts during the simulation on re-
quest from team members (eg, capillary refill time) and
facilitated a scripted debriefing after each case.26 The princi-
pal investigator has extensive training andmore than 10years
of experience in debriefing.
All simulationswerevideorecordedfrom2standardangles
(overheadviewof thebabyandapanoramicviewof the room)
with integrationof thepatientmonitor outputusing theB-line
Live Capture Ultraportable System (B-Line Medical). The re-
search team from Yale University (M.A., principal investiga-
tor; M.G., nurse-researcher; a research associate; and an ac-
tor) traveled to each site, set upequipment in situ (simulators,
cameras, technical equipment), conducted the simulations,
and collected data. This team was joined at each GED site by
thedesignated collaborating investigator(s) fromeach respec-
tive academic medical center. A single research nurse (M.G.)
scored performance on a standardized data collection instru-
mentduring the case. Subsequent to the simulationday, video
reviews were conducted by the research nurse and principal
investigator. During review the teamwas provided a concur-
rent streamof the2videoangles, thevital signs, and the simu-
lator data output. These reviews were used to score team-
workandothervariables that couldnotbecollected in real time
(eg, compression rate).Whendiscrepancieswerenoted in the
scoring, both reviewers met to concurrently score the video
anddiscuss the scoringuntil consensuswas achieved.The rat-
ers were blinded to health care professional factors such as
experience but not to PED or GED status of the team.
Healthcareprofessional–leveldatawerecollectedviaasur-
vey. At each site a nurse and/or physician not participating in
the simulations completed thePRS.All siteswere surveyed for
this studyvia in-persondata collectionon the sameday as the
simulations.This surveywasdeveloped for amultiphasequal-
ity improvement initiative to ensure that all EDs have the es-
sential guidelines and resources to provide effective emer-
gencycare topediatricpatients.8,18,27,28The research teamhad
permission touse the PRS.29 Each sitewas resurveyed for this
study in person on the sameday as the simulations. The 6do-
mains of the PRS are coordination of care, physician and/or
nurse staffing, quality improvement, patient safety, policies
and/orprocedures, andequipment and/or supplies.10A subset
of questions on the PRS described the presence of a pediatric
care coordinator.
OutcomeMeasures
Composite Quality Score
The primary outcome was a composite quality score (CQS)
calculated as the sum of 4 distinct domain scores: (1) adher-
ence to sepsis guidelines, (2) adherence to pediatric
advanced life support guidelines, (3) performance on
seizure resuscitation, and (4) the mean teamwork score for
each team across the 3 cases.
Case Performance
Performance measures were iteratively developed over 6
months. Content validity evidencewas provided through ad-
aptation of existing guidelines and a modified Delphi review
process involving 8 pediatric emergency medicine physi-
cians, 4 pediatric intensive care physicians, and 1 pediatric
emergencynurse via 6 conference calls and2 in-personmeet-
ings. The responseprocess for the assessment instrumentwas
improved through pilot application and iterative changes to
the cases and checklists during 20 simulations with teams of
health careprofessionals in training at each site (whowerenot
eligible for the study). The sepsismeasureswerederived from
international guidelines.28 The cardiac arrest measures were
derived from the American Heart Association pediatric ad-
vanced life support (PALS) guidelines.30 The seizure perfor-
mance measures were developed based on established best
practices related to the management of hypoglycemic
seizures. Each case performance score was calculated using
equalweighting forall subcomponentsanddividedby the total
number of possible elements to derive a score on a scale of 0
to 100.The total composite quality scorewas calculatedas the
average of the 4 domain scores. The component metrics and
time-critical performance checklists for each of the cases are
listed in eTable 1 in the Supplement.
Teamwork
Teamworkwasmeasured using the Simulation TeamAssess-
ment Tool (STAT) teamwork domain for each case and repre-
sented as themean score across all 3 cases. The STAT is a vali-
datedpediatric simulation-basedassessment tool.31Bothraters
completed 4 hours of training with the team that developed
STAT prior to using it in this study.
Data Analysis
All data were manually entered into Microsoft Excel version
14.0 (Microsoft) and transferred into SPSS version 22.0 (IBM
Corp) with which all statistical analyses were performed. We
examineddifferences in survey responses andsimulationdata
bypediatricpatientvolumeusingbivariateanalyses.Datawere
examined for normality and homogeneity in each analysis.
All datawere examined formissingvalues.Only the team-
workmeasure hadmissing data. On examination, 11 of the 58
teams lacked teamwork scores owing to either lack of con-
sent for videotaping or technical issues involvingdifficulty in
hearing the audio feed to evaluate communication. We con-
sideredthedataasmissingat random. Imputedscoresvsscored
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deleteddidnot render anydifference inoutcomeanalyses.Af-
ter this sensitivity analyseswe treated thedatapoints asmiss-
ingat randomandused imputedscores to replacemissingdata.
WeconductedPearsonχ2orFisher exact tests for categori-
cal data as appropriate, independent t tests for normal con-
tinuous data, and Wilcoxon-Mann Whitney U tests for non-
parametric data.We report unadjustedCQSwhen stratifiedby
PEDs compared with GEDs based on our primary hypothesis
of PEDs scoring higher CQS.
We tested correlation between PRS and teamwork scores
and scores oneachof the casesusing aPearson correlation co-
efficient (r) andSpearman correlation coefficients (ρ), respec-
tively.Weused the following cut-points for correlation: 0.8 or
greater for strong, 0.5 to 0.79 for moderate, 0.20 to 0.49 for
weak, and 0 to 0.19 for negligible.32 Lastly, we used general-
ized estimating equations (GEE) with a linear identity link to
model CQS as the dependent variable with a robust variance
estimator to account forwithin-hospital correlation. TheGEE
model examined which variables explained variability in the
CQS. We included the following potential covariates in the
model:PEDorGEDstatus,pediatricpatientvolume(log10 trans-
formed for interpretability), PRS, teamexperience, teamcom-
positionofparticipantsholdingMDs (percentage), teammem-
bers with experiencewith simulation (percentage), as well as
teammembers with PALS training (percentage) as a continu-
ous variable.
Results
Participating Hospital and TeamCharacteristics
Fifty-eight teams from 30 EDs (8 PEDs, 22 GEDs) partici-
pated, and ED characteristics are reported in Table 1. Pediat-
ric EDshadhigher pediatric patient volumes, total PRS scores,
ratio of physicians per team, and percentages of team mem-
bers that participated in frequent (at least monthly) pediatric
simulations. Team experience did not significantly differ be-
tween PEDs and GEDs, nor did median percentage of team
members with PALS training.
Outcomes
The unadjusted data in Table 2 report the CQS and the 4 do-
main scores (with the component elements of each) for PEDs
and GEDs. The mean (SD) CQS was 71 (11) across all sites. Pe-
diatricEDshad significantlyhigheroverall CQS (mean [SD], 82
[7]) comparedwithGEDs (mean [SD], 66 [9]) (P < .001), aswell
Table 1. Baseline Variables Across Spectrum of Hospitals and Emergency Department Types
Institutional Characteristic
Hospitals
(n = 30)
Hospital Type
P Valuea
GED (43 teams)
(n = 22)
PED (15 teams)
(n = 8)
Volume per year, median (range)
Total patients 42 000 (26 000-90 000) 42 000 (26 000-88 000) 55 000 (28 000-90 000) .42
Total pediatric patients 8000 (1500-90 000) 4000 (1 500-20 000) 55 000 (28 000-90 000) <.001
Any inpatient pediatrics, No. (%)
Yes 17 (57) 3 (14) 8 (100) .004
No 13 (43) 19 (86.) 0 (0)
Hospital location, No. (%)
Urban 4 (13) 3 (14) 1 (13) <.001
Suburban 26 (87) 19 (86) 7 (83)
Rural/remote 0 (0) 0 (0) 0 (0)
Trauma center, No. (%)
Yes 11 (37) 3 (14) 8 (100) <.001
No 19 (63) 19 (86) 0 (0)
Structure of care, median (IQR)
Pediatric Readiness score 73 (54-88) 60 (55-83) 96 (91-98) <.001
Coordination of care 100 (0-100) 50 (0-100) 100 (100-100) <.001
Physician and/or nurse staffing 100 (50-100) 50 (50,100) 100 (50-100) .08
Quality improvement 79 (0-95) 7 (0-86) 93 (93-100) .004
Patient safety 75 (65-100) 75 (65-100) 90 (65-100) .29
Policies and/or procedures 61 (39-86) 61 (38-69) 100 (94-100) <.001
Equipment and supplies 89 (78-98) 88 (76-95) 99 (96-99) <.001
Team characteristics
Team experience, mean (SD) 12 (5) 12 (4) 12 (5) .19
Ratio of MD/DOs to total team members, median (IQR) 20 (16-33) 17 (13-20) 33 (25-36) .002
Team members with PALS training, median % (IQR) 81 (67-89) 75 (67-88) 86 (83-96) .87
Team members participating in at least monthly
pediatric simulations, median % (IQR)
0 (0-17) 0 (0-0) 25 (13-33) <.001
Abbreviations: DO, Doctor of Osteopathic Medicine degree; GED, general
emergency departments; IQR, interquartile range; MD, Doctor of Medicine
degree; PALS, pediatric advanced life support; PED, pediatric emergency
departments.
a P values were calculated usingWilcoxon-MannWhitney U tests for
nonparametric variables and with 2-sided independent t tests for normally
distributed variables.
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ashigher individual domain scores comparedwithGEDs: sep-
sis (100 [interquartile range (IQR) 100-100] vs 67 [IQR, 67-
83]; P < .001), cardiac arrest (64 [IQR, 57-75] vs 50 [IQR, 36-
64]; P = .006), and seizure (71 [IQR, 57-71] vs 71 [IQR, 71-93];
P = .04) and teamwork (mean [SD], 87 [7] vsmean [SD], 72 [8];
P < .001). We also explored removing teamwork as a depen-
dent variable in the CQS; the difference in CQSwithout team-
workwas similar to the reportedCQSbetweenGEDs andPEDs
(mean[SD],65 [10]vsmean[SD],82 [8], respectively;P < .001).
The Figure shows a spider diagram representing the score for
each CQS domain for PEDs and GEDs.
Theresultsof theGEEmodelpresented inTable3showthat
after adjusting for GED or PED status that did not predict CQS
(β = 4.28; 95% CI, −4.58 to 13.13), the log of pediatric volume
significantly explained a higher CQS (β = 9.57; 95% CI, 2.64-
16.49), as did PRS (β = 0.14; 95% CI, 0.01-0.27). Team mem-
berswithPALS training significantly explaineda slightly lower
CQS score (β = −0.08; 95%CI, −0.15 to−0.02). Amoderate cor-
relationwas noted between CQS and pediatric patient volume
(r = 0.68; P < .001) and a graphical representation of this rela-
tionship is depicted in eFigure 1 in the Supplement.
Relationships BetweenQuality Domain Scores
and PRS Components
A moderate correlation was noted between CQS and PRS
(r = 0.51; P < .001) and a graphical representation of this rela-
Table 2. Composite Quality Score Domains
All Teams
(n = 58)
Hospital Type
P Valuea
GED
(n = 43)
PED
(n = 15)
Score, mean (SD)
Composite Quality 71 (11) 66 (9) 82 (7) <.001
Teamwork 76 (10) 72 (8) 87 (7) <.001
Sepsis adherence, median (IQR) 83 (67-100) 67 (67-83) 100 (100-100) <.001
Began high-flow oxygen 58 (100) 45 (100) 15 (100)
Established first IV/IO 51 (88) 36 (84) 15 (100)
60-mL/kg normal saline given in first 15 min 26 (45) 12 (28) 15 (100)
Antibiotics given 55 (95) 40 (93) 15 (100)
Established 2nd IV/IO 36 (62) 23 (49) 15 (100)
Vasoactive agent after 3rd bolus 49 (85) 34 (79) 15 (100)
Cardiac arrest adherence, median (IQR) 57 (43-71) 50 (36-64) 64 (57-75) .01
Basic life support subcomponents
Appropriate compression rate (100-120/min) 41 (71) 27 (63) 14 (93)
Appropriate ventilation rate (8-10/min) 22 (38) 11 (26) 11 (73)
Use of a backboard under the patient 19 (33) 10 (24) 9 (60)
Health care professional administering compressions alternated ≤ every 120 s 13 (23) 8 (19) 5 (33)
No interruptions in compressions >10 s 14 (25) 12 (29) 2 (13)
CPR fraction ≥80% 49 (86) 34 (81) 15 (100)
Pulseless electrical activity subcomponents
Pulse check done ≤120 s 25 (44) 24 (33) 11 (73)
Recognition or verbalization of pulseless electrical activity 49 (86) 36 (86) 13 (87)
First dose of epinephrine administered in correct dose and ≤5 min into case 38 (67) 25 (60) 13 (87)
Second dose of epinephrine administered in correct dose and in 3-5 min after first 33 (58) 24 (57) 9 (60)
Ventricular fibrillation subcomponents
No preshock pause 30 (53) 23 (55) 7 (47)
Recognition or verbalization of fibrillation ≤120 s of rhythm change from PEA
used in >5 min
46 (81) 35 (83) 11 (73)
Defibrillation at correct dose (2-4 J/kg) and administered ≤180 s after recognition
of pulseless electrical activity
48 (67) 29 (69) 9 (60)
Compressions resumed immediately after defibrillation and continued
for ≥120 s prior to pulse check
24 (42) 15 (36) 9 (60)
Seizure adherence, median (IQR) 71 (57-79) 71 (71-93) 71 (57-71) .04
Respiratory depression recognized 56 (97) 41 (95) 15 (100)
Placed on oxygen (non rebreather or face mask) 50 (86) 37 (86) 13 (87)
Glucose checked 55 (98) 40 (98) 15 (100)
Glucose concentration correct 11 (20) 5 (12) 6 (40)
Glucose dose correct 31 (55) 19 (46) 12 (80)
Maintenance glucose started 25 (45) 15 (37) 10 (67)
Admit or transferred 51 (94) 39 (98) 12 (86)
Abbreviations: CPR, cardiopulmonary resuscitation; GED, general emergency department; IQR, interquartile range; IV/IO, intravenous and/or intraosseous;
PEA, pulseless electrical activity; PED, pediatric emergency department.
a P values were calculated usingWilcoxon-MannWhitney U tests for medians and independent 2-sided t tests for means.
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tionship is depicted in eFigure 2 in the Supplement. Table 4
reports the correlations of quality domain scores and thePRS:
strong for teamwork (r = 0.71; P < .001), weak for sepsis ad-
herence (ρ = 0.45;P < .001) andseizureperformance (ρ = 0.43;
P = .001), and weak for cardiac arrest adherence (ρ = 0.24;
P = .073). Composite quality score andPRS correlationwas at-
tenuatedtoweakwhenadjustingfor teamworkscores (r = 0.45;
P < .001).
Discussion
This study revealed higher total CQSs and higher subcompo-
nent scores across all domains in PEDs compared with GEDs.
However,whencontrolling for pediatric volume,PEDsdidnot
explain ahigherCQS, indicating that pediatric volume ismore
indicative of quality than GED or PED distinction. The great-
est differences in care betweenGEDs andPEDswerenoted for
the sepsis and cardiac arrest cases and the teamwork scores.
Adetailed analysis of performanceon the sepsis casehasbeen
published by our group.33 In the care of the patient with hy-
poglycemia who had a seizure, PEDs were more likely to se-
lect the appropriate concentration and administer the correct
dose of glucose.
There are limited granular data describing the quality of
pediatric resuscitative care in real patients, and existing data
are retrospective (eg, quality of cardiopulmonary resuscita-
tion, time to fluid resuscitation in septic patients).34,35 Novel
methodshavebeendescribed tobetter evaluate thequality of
resuscitative care including the structuredpanelprocess36 and
implicit reviewprocess.37Surveysarea feasiblemethodtomea-
sureEDpediatric readiness. ThePRSwasnotdesigned tomea-
sure thequality of care; however, a correlationof thePRSwith
thequality of resuscitative care could obviate theneed for ad-
ditional measurements to evaluate this construct. Unfortu-
nately, our results demonstrated only weak to moderate cor-
relations between the PRS score andquality of caremeasured
by simulation. The performance of each of the participating
EDs in these simulations couldbeused toguide local improve-
ment interventions. Future work should be conducted to de-
scribe the correlation between these simulations and patient
or population-level outcomes.
Current guidelines advise hospitals to appoint a nurse
and/orphysicianpediatricemergencycarecoordinators (PECC)
Figure. Composite Quality Score of Pediatric Emergency Departments
to General Emergency Departments
Pediatric emergency
department
General emergency
department
100
80
60
40
20Sepsis Cardiacarrest
Seizure
Teamwork
Each axis of the radar graph represents a separate metric; clockwise from top:
teamwork, sepsis adherence, cardiac arrest adherence, and seizure adherence.
The darker shade represents themean score on eachmetric by general
emergency departments and the lighter shade represents themean score on
eachmetric by pediatric emergency departments.
Table 3. Estimates FromGEEModels of Indicators of CQS
Indicator β (95% CI) SE P Value
Pediatric patient volume (log) 9.57 (2.64 to 16.49) 3.53 .01
Status
PEDa 4.28 (−4.58 to 13.13) 4.52 .34
PRS 0.14 (0.01 to 0.27) 0.06 .03
Team
Experience 0.39 (−0.15 to 0.93) 0.27 .15
MD ratio −0.05 (−0.20 to 0.10) 0.08 .53
Experience with simulation 0.08 (−0.20 to 0.36) 0.14 .59
Members with PALS training −0.08 (−0.15 to −0.02) 0.03 .01
Abbreviations: CQS, composite quality score; GED, general emergency
department; GEE, generalized estimating equations; MD, Doctor of Medicine
degree; PALS, pediatric advanced life support; PED, pediatric emergency
department; PRS, Pediatric Readiness Survey.
a Data from GEDs used as reference.
Table 4. Correlation Between Composite Quality Score Domains and Pediatric Readiness Survey Componentsa
Composite
Quality Score
Domain PRS
Coordination
of Care Staffing
Quality
Improvement
Patient
Safety
Policies
and/or
Procedures
Equipment
and Supplies
CQS 0.51 0.38 0.26 0.35 0.16 0.52 0.49
Sepsis 0.45 0.33 0.32 0.30 0.13 0.36 0.54
Cardiac arrest 0.24 0.16 −0.05 0.17 0.01 0.28 0.37
Seizure 0.43 0.36 0.18 0.13 0.28 0.32 0.27
Teamwork 0.71 0.49 0.40 0.62 0.48 0.57 0.59
Abbreviations: CQS, composite quality score; PRS, Pediatric Readiness Survey.
a Correlation coefficients between 2 continuous variables were calculated with the Pearson coefficient. Correlation coefficients between a continuous variable and
an ordinal variable (ie, sepsis, cardiac arrest, and seizure) were calculated with the Spearman ρ coefficient.
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toprovidepediatric leadership.1 The recent studybyGausche-
Hill and colleagues10 described a strong correlation between
PRS scores and the presence of PECCs. In this study, we ex-
ploredtheeffectof thePECConsimulation-basedqualityscores
(adjusting PRS scores from our study population) and found
that the presence of a nurse or physician only mildly in-
creased quality or PRS scores. However, the presence of both
anurse andphysician resulted inmuchhigherquality andPRS
scores (eTable2 in theSupplement); butwhen lookingatGEDs
alone, this relationship is severely attenuated, and the differ-
ences between the scores are nonsignificant. This was unex-
pected and suggests that there ismore complexity to the role
of the PECC in quality of care.
Limitations
Our recruitment methods likely led to selection bias with in-
dividualswho agreed to participate beingmore or less skilled
thanother staff; however, this biaswouldbepresent inall EDs.
Pediatric EDs had more experience with pediatric simula-
tion. This may have resulted in improved performance on a
simulation-based assessment and biased our results. How-
ever, this was not significantly associated with CQS in a mul-
tivariableGEEmodel. The checklistsweusedhave limitedva-
lidity evidence in the domains of internal structure, relation
to other variables, and consequences. Lastly, reviewers in our
studywerenotblindedtoPEDorGEDstatus, andthismayhave
affected their ratings.The initial studyprotocol planned touse
blinded reviewers; however, after conducting the first series
of simulations, we recognized that collecting the quantita-
tive data for cases required both in-person and video-based
data collection. To ensure consistency, 2 investigators were
present for all simulations and scored all cases indepen-
dentlyusing in-personandvideo-based review.Wenoted that
true blindingwas unachievable owing to the presence of hos-
pital names on signage and participants’ clothing.
Conclusions
Thismulticenter studynoteddifferences in thequalityof simu-
lated pediatric resuscitative care across a spectrum of EDs in
theUnitedStates.Theoverallqualityofcarewashigher inPEDs
compared with GEDs. However, when controlling for pediat-
ric patient volume, PED distinction did not significantly ex-
plain higher CQS. The PRS score did not correlate well with
simulation-based measures of quality. Additional work is
needed to explore whether differences in quality are associ-
ated with variability in patient outcomes.
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